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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the vapor cooling equipment which cools heating 

elements, such as an IGBT module used for the inverter circuit of an electric vehicle. 

[0002] 

[Description of the Prior Art] Before, the vapor cooling equipment which cools a heating element by the heat transport by boil 
of a refrigerant and the repeat of condensation is known. With this vapor cooling equipment, since expensive refrigerants, 
such as fluorocarbon, are generally used, if the amount of refrigerants enclosed with the interior increases, cost will become 
high. The amount of refrigerants which then, thin-shape-izes a refrigerant tub and is enclosed inside as shown also in 
JP,8-204075,A is lessened. Moreover, since a comparatively small and high thermolysis performance is obtained, this vapor 
cooling equipment is considered [ using as a cooling system of the semiconductor device used for the inverter of an electric 
vehicle, and ]. 
[0003] 

[Problem(s) to be Solved by the Invention] However, if the vapor cooling equipment which thin-shape-ized the refrigerant tub 
as mentioned above is carried in an electric vehicle, the following faults will arise. For example, although it is satisfactory 
while running the flat ground if vapor cooling equipment 100 is carried as shown in drawing 13 to an electric vehicle EV (the 
front face of the refrigerant tub 110 which attaches a heating element 200 is turned to the cross direction, and is arranged), 
when running a slope, the oil level in the refrigerant tub 110 will incline greatly. In this case, since the portion to which liquid 
cooling intermediation does not exist in the clamp face of a heating element 200 arises, the temperature of the portion rises 
abruptly. Although enclosing more refrigerants beforehand is also considered in consideration of this oil-level change, 
elevation of the part whose liquid cooling intermediation increases, and cost is caused. Moreover, if an oil level reaches to the 
core section 120 of a radiator, since the portion stops functioning as the core section 120, the problem that a thermolysis 
performance falls will produce it. Accomplishing this invention based on the above-mentioned situation, the purpose is 
making small oil-level change produced at the time of a slope run, and is to offer the vapor cooling equipment with which the 
stable thermolysis performance is obtained. 
[0004] 

[Means for Solving the Problem] (Means of a claim 1) Thickness width of face is prepared in a thin flat configuration to the 
breadth of the front face in which a heating element is attached, and a refrigerant tub turns to the cross direction of vehicles 
the front face in which a heating element is attached, and is arranged. In this case, as compared with the case where turned the 
front face of a refrigerant tub to the cross direction, and it has been arranged, oil-level change in the refrigerant tub produced 
when vehicles run a slope can be made small. That is, the difference of elevation of the oil-level position in both the internal 
surfaces that counter in the thickness direction of a refrigerant tub can be made small. Since the portion to which liquid 
cooling intermediation does not exist in the clamp face of a heating element can be reduced by this, the thermolysis 
performance stabilized at the time of a slope run can be obtained. 

[0005] (Means of a claim 2) The refrigerant tub is installed with the posture to which only the predetermined angle inclined to 
the vehicles front side. When an electric vehicle runs a slope, the direction when running an uphill from a downward slope 
needs more outputs. Therefore, it is good to enclose the refrigerant of the minimal dose which leans and installs a refrigerant 
tub to a vehicles front side beforehand at the time of the uphill run which needs an output more and by which the heating 
element installation section is dipped with liquid at it at the time of the operation at the time of an uphill run in order to 
demonstrate the thermolysis performance greatest in the fewer amount of refrigerants. In this case, although an oil level may 
infiltrate into the thermolysis core section and a thermolysis performance may fall at the time of a flat-ground run, since the 
output is suppressed as compared with the time of an uphill run, it is satisfactory. 

[0006] (Means of a claim 3) The 1st heating element with small calorific value is attached in one front face among both the 
front faces that counter in the thickness direction, and the 2nd heating element with large calorific value is attached on the 
surface of another side, and a refrigerant tub turns one front face to a vehicles front side, turns the front face of another side to 
a vehicles back side, and is arranged. Since a boil steam goes up when leaning the refrigerant tub of such thin width of face or 
using it in the level state, a heat transfer rate falls [ the direction of the front face by the side of the upper surface of a 
refrigerant tub ], and a thermolysis performance falls. It is more more effective to attach the 2nd heating element with large 
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calorific value in the front face of another side which the 1st heating element with small calorific value is attached in a front 
face, and is a front-face [ by the side of the inferior surface of tongue of a refrigerant tub ], i.e., vehicles back, side while it is a 
front-face [ by the side of the upper surface of a refrigerant tub ], i.e., the vehicles front, side, when vehicles run an uphill, 
since the direction when running an uphill from a downward slope needs more outputs. 
[0007] 

[Embodiments of the Invention] Next, the example of this invention is explained based on a drawing. 

(The 1st example) Drawing 1 is drawing showing the vehicles loading state of vapor cooling equipment 1. Vapor cooling 

equipment 1 is equipped with the radiator 4 formed in the interior at the upper part of the refrigerant tub 3 which accumulates 

liquid cooling intermediation, and this refrigerant tub 3, as it cools and a heating element 2 is shown in drawing 2 and drawing 

fusing boil and a condensation operation of a refrigerant. A heating element 2 is an IGBT module which constitutes the 

inverter circuit of an electric vehicle EV, and is stuck and fixed to both the front faces of the refrigerant tub 3 by bolting of a 

boltS. 

[0008] The refrigerant tub 3 consists of the hollow container 6 formed from the metallic material which is excellent in thermal 
conductivity, such as aluminum, and the end tank 7 put on the soffit section of this hollow container 6, and the refrigerant 
room 8, the liquid return path 9, and the reflux path 10 are formed in the interior. The hollow container 6 is for example, an 
extrusion-molding article, as shown in drawing 4 , thickness is prepared in a thin flat configuration to breadth, and support 
section 6a of the lot extended in the direction of a knockout {the vertical direction of drawing 4 (b)} and two or more 
bridgewall 6b are prepared in the interior of a container. And a tank 7 is the same product made from aluminum as the hollow 
container 6, in drawing 5 {(a), a plan and (b) are shown in a side elevation, and (c) shows the configuration to A-A cross 
section}. It is joined to the soffit section of the hollow container 6 by soldering etc., and this end tank 7 blockades the soffit 
side of the hollow container 6. However, as the inside of the end tank 7 is shown in drawing 5 (c), space is secured between 
the soffit sides of the hollow container 6. 

[0009] The refrigerant room 8 is formed between support section 6a of the lot prepared in the right-and-left both-sides 
approach of the hollow container 6, and the interior is divided by two or more bridgewall 6b in the shape of a path. This 
refrigerant room 8 forms the boil field which the liquid cooling intermediation stored in the interior boils in response to the 
heat of a heating element 2. The liquid return path 9 is a path for the condensate condensed with the radiator 4 flowing in, and 
is formed in the outside of both support section 6a. The reflux path 10 is a path for supplying the condensate which flowed 
into the liquid return path 9 to the refrigerant room 8, and is formed of the inside space of a tank 7, and is opening the liquid 
return path 9 and the refrigerant room 8 for free passage in the soffit section of the refrigerant tub 3. 

[0010] A radiator 4 consists of the core section 1 1, a upper tank 12, and a lower tank 13, and the refrigerant style control strip 

14 is installed in the interior of a lower tank 13. The core section 1 1 is a radiator of this invention which makes the refrigerant 
steam which boiled in response to the heat of a heating element 2 condensate-ize by the heat exchange with an external fluid 
(for example, air), arranges two or more thermolysis tubes 15 and a radiation fin 16 by turns, and where each thermolysis tube 

15 is stood perpendicularly, it is used. The flat pipe of for example, the product made from aluminum is used for the 
thermolysis tube 15. You may insert in the interior of the thermolysis tube 15 the inner fin which is not illustrated. A radiation 
fin 16 is a corrugated fin which bent by turns the thin metal plate (for example, aluminum plate) which is excellent in thermal 
conductivity, and fabricated it wavelike, and is joined to the skin of the thermolysis tube 15 by soldering etc. 

[001 1] A upper tank 12 is constituted combining the core plate 17 and the tank plate 18 made from aluminum, and is 
connected with the upper-limit section of each thermolysis tube 15. the configuration of the core plate 17 and the tank plate 1 8 
- respectively ~ a plan and (b) are shown in a side elevation, and drawing 6 {(a) shows [ a plan and (b) ] (c) to B-B cross 
section} for side elevation} and drawing 7 {(a) Much long hole 17a in which the edge of the thermolysis tube 15 is inserted is 
formed in the core plate 17. A lower tank 13 is constituted combining the core plate 19 and the tank plate 20 made from 
aluminum, and is connected with the soffit section of each thermolysis tube 15. the configuration of the core plate 19 and the 
tank plate 20 - respectively -- a side elevation and (b) are shown in a plan, and drawing 8 {(a) shows [ a side elevation and 
(b) ] (c) to C-C cross section} for plan} and drawing 9 {(a) The core plate 19 is the same configuration as the core plate 17 of 
a upper tank 12, and much long hole 19a in which the edge of the thermolysis tube 15 is inserted is formed. Moreover, long 
hole 20a in which the upper-limit section of the refrigerant tub 3 (hollow container 6) is inserted is formed in the tank plate 
20. 

[0012] As interference with the condensate which it was cooled in the refrigerant steam and the core section 1 1 which were 
boiled at the refrigerant room 8, and was liquefied is reduced and it is shown in drawing 2 , the refrigerant style control strip 
14 is supported by support section 6a of the hollow container 6, and it is arranged so that the upper part of the refrigerant 
room 8 may be covered from both sides. Moreover, the refrigerant style control strip 14 is installed in the state where it 
inclined so that the condensate dropped at the upper surface might flow to the liquid return path 9. As shown in drawing 1 , 
the vapor cooling equipment 1 of this example turns to the cross direction of vehicles the front face of the refrigerant tub 3 
(hollow container 6) in which it is carried in the anterior part of the vehicles (electric vehicle EV) which receive a run wind, 
and a heating element 2 is attached, and is arranged. 

[0013] Next, the operation of this example is explained. It is transmitted to the liquid cooling intermediation in which the heat 
generated from the heating element 2 is stored by the refrigerant room 8 through the wall surface of the refrigerant tub 3 
(hollow container 6), and liquid cooling intermediation boils. The boiling refrigerant serves as a steam, goes up the refrigerant 
room 8, and flows into each thermolysis tube 15 of the core section 1 1 through the inside of a lower tank 13 from the 
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refrigerant room 8. In case the thermolysis tube 15 is flowed, it is cooled by the heat exchange with the open air, and the 
refrigerant steam which flowed into the thermolysis tube 15 emits the latent heat, and condenses it to the internal surface of 
the thermolysis tube 15. The latent heat emitted when this refrigerant steam condensed is transmitted to a radiation fin 16 
from the wall surface of each thermolysis tube 15, and is emitted to the open air through the radiation fin 16. The condensate 
which condensed within the thermolysis tube 15 and became a drop on the other hand is transmitted to the internal surface of 
the thermolysis tube 15, flows below, is dropped from the thermolysis tube 15, and flows back to the refrigerant tub 3. 
[0014] (Effect of this example) The vapor cooling equipment 1 of this example turns to the cross direction of vehicles 
(electric vehicle EV) the front face of the refrigerant tub 3 (hollow container 6) in which the refrigerant tub 3 is 
thin-shape-ized, and a heating element 2 is attached, and is arranged. In this case, as compared with the case (refer to drawing 
13 ) where turned the front face of the refrigerant tub 3 to the cross direction, and it has been arranged, oil-level change in the 
refrigerant tub 3 produced when vehicles run a slope can be made small. That is, as shown in drawing 10 , the difference of 
elevation of the oil-level position in both the internal surfaces that counter in the thickness direction of the refrigerant tub 3 
can be made small. Since the portion to which liquid cooling intermediation does not exist in the clamp face of a heating 
element 2 can be reduced by this, the thermolysis performance stabilized at the time of a slope run can be obtained. 
[0015] (The 2nd example) Drawing 1 1 is drawing showing the vehicles loading state of vapor cooling equipment 1. As shown 
in drawing 1 1 , the front face of the refrigerant tub 3 (hollow container 6) is turned to the cross direction of vehicles, and this 
example arranges it, and shows an example in which only the predetermined angle alpha leaned and installed the vapor 
cooling equipment 1 whole to the vehicles front side. When vehicles run a slope, the direction when running an uphill from a 
downward slope needs more outputs. Therefore, in order to demonstrate the thermolysis performance greatest in the few 
amount of refrigerants by the time of an uphill run, it is good to enclose the refrigerant of a grade in which the refrigerant tub 
3 is beforehand leaned and installed to a vehicles front side, and the installation section of a heating element 2 is dipped with 
liquid at the time of the operation at the time of an uphill run. However, although an oil level may infiltrate into the 
thermolysis core section 1 1 in part and a thermolysis performance may fall at the time of a flat-ground run, since the output is 
suppressed as compared with the time of an uphill run, it is satisfactory. Thereby, a refrigerant can be used more efficiently 
and the cost reduction of it can be carried out. 

[0016] (The 3rd example) Drawing 12 is the side elevation of vapor cooling equipment 1. this example shows an example in 
the case of cooling 1st heating element 2 A and 2nd heating element 2B from which calorific value differs with one vapor 
cooling equipment 1. Since the direction when running an uphill from a downward slope needs more outputs as the 2nd 
example explained, When vehicles run an uphill, while it is a front-face [ by the side of the upper surface of the refrigerant tub 
3 ], i.e., the vehicles front, side attach 1st heating element 2 A with small calorific value in surface 3a. It is more more 
effective to attach 2nd heating element 2B with large calorific value in surface 3b of another side which is a front-face [ by the 
side of the inferior surface of tongue of the refrigerant tub 3 ], i.e., vehicles back, side. A heat transfer rate is because the 
direction of the upper surface side front face of the refrigerant tub 3 falls and the heat-transfer-with-boiling performance by 
the side of the upper surface of the refrigerant tub 3 falls, since a boil steam goes up and the direction of a cellular rate of the 
upper surface side of the refrigerant tub 3 increases, when this leans the refrigerant tub 3 of such thin width of face or it is 
used in the level state. 

[0017] (Modification) Although the case where vapor cooling equipment 1 was carried in an electric vehicle EV was 
illustrated in the above-mentioned example, if the front face where the heating element 2 of the refrigerant tub 3 is attached in 
the direction to which the vessel inclines greatly is turned and arranged even when it carries vapor cooling equipment 1 in a 
vessel, for example, the same effect as this example can be acquired. 
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[Drawing 31 
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[Drawing 41 
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